Introduction
L-arabitol is a pentitol that has been classified, together with xylitol, as one of the top 12 biomass-derivable building block chemicals. Because of its low-calorific -only 0.2 kcal/g, low-glycemic, low-insulinemic, anticariogenic, and prebiotic character, this polyol can be used in many of the known applications of xylitol, for example as a natural sweetener, a dental caries reducer, and a sugar substitute for diabetic patients [1] . Together with other polyols, it is used in the food and pharmaceutical industries as a texturing agent, a humectant, a softener, and a color stabilizer. Chemical production of arabitol is expensive, requiring the use of chromatographic purification steps [2] . Arabitol can also be produced through the biotransformation of appropriate sugars, e.g., those obtained from hydrolyzates of the hemicellulosic fraction of plant biomass [3, 4] . So far, the following yeast genera have been used to produce arabitol from L-arabinose: Debaryomyces, Candida, Pichia, Wickerhamomyces, and Saccharomycopsis [1] . The first screening to identify yeasts and fungi that are able to produce arabitol from L-arabinose under oxygen-limiting conditions was reported by McMillan and Boynton [5] . They observed that xylose-fermenting yeasts converted L-arabinose to arabitol, and not to ethanol [5] . Saha and Bothast [4] investigated 49 yeast strains capable of growing on L-arabinose and concluded that Candida entomaea NRRL Y-7785 and Pichia guilliermondii NRRL Y-2075 were superior secretors of L-arabitol (a yield of about 0.7 g/g). Girio et al. [3] observed the ability of Debaryomyces hansenii to produce arabitol from L-arabinose in a batch culture at 30°C. Kordowska-Wiater et al. [6] reported that C. parapsilosis DSM 70125, C. shehatae ATCC 22984, and P. guilliermondii DSM 70052 were efficient producers of arabitol at concentrations of 14.0 g/l, 8.5 g/l, and 6.9 g/l, respectively, produced from 20 g/l L-arabinose. Bura et al. [7] isolated an endophytic yeast, Rhodotorula mucilaginosa, which was found to be capable of producing arabitol from arabinose as a single sugar, achieving a theoretical yield of 29%.
The process of biotransformation of L-arabinose to arabitol is highly dependent on the physical and chemical conditions of culture. The most important of these are oxygen availability, temperature, type and concentration of compounds available (especially C and N sources), and pH. Although some reports have been published examining the influence of these different conditions [4, 6, 8] , most of them use the traditional onevariable-at-a-time approach, and only a few provide information about the application of statistical methods to the optimization of the process [9, 10] .
Response surface methodology (RSM) is a statistical optimization method. It is a collection of mathematical and statistical techniques used for modeling and analyzing situations in which a response of interest is influenced by several variables. Its purpose is to determine the optimal setting of experimental factors that produce a maximum (or a minimum) value of the response, on the basis of a function describing the relationships between the response and the studied factors [11, 12] . The first step in this method is to limit the number of independent variables influencing a feature studied, by screening and evaluating the relevant media components or physical conditions using a Plackett-Burman design analysis.
RSM is widely used in biotechnological processes, e.g., ethanol fermentation [13] and production of polyols by yeasts [2, [14] [15] [16] . The aim of this investigation was to use RSM to optimize the biotransformation of L-arabinose to arabitol by C. parapsilosis DSM 70125.
Experimental Procedures

Microorganism
Candida parapsilosis DSM 70125 was selected for the experiments on the basis of a previous study [6] . The microorganism was maintained at 4°C on YPG agar slants.
Media composition and culture conditions
At the start of the study all growth and cultivation media consisted of different concentrations of L-arabinose (as the carbon source), yeast extract, malt extract, (NH 4 ) 2 SO 4 , and KH 2 PO 4 according to the Plackett-Burman design presented in Table 1 . In the next stage, the media was changed to: yeast extract, malt extract, (NH 4 ) 2 SO 4 , and KH 2 PO 4 at a concentration of 5 g/l and L-arabinose at concentrations from 3.1 to 61.9 g/l, depending on the run number in CCD ( Table 2 ). The pH was adjusted to 5.5. Media for inoculum preparation were dispensed into tubes at 5 ml per tube, and media for cultivation were dispensed into 100-ml Erlenmeyer flasks at 20 ml per flask and sterilized by autoclaving at 121°C for 15 min. Cultivation media were inoculated with 2% (v/v) prepared 24-h cultures of yeast and incubated in a rotary shaker (Infors HT Minitron, Infors AG, Bottmingen, Switzerland) at 50 or 200 rpm and at 24°C or 32°C according to the Plackett-Burman design (Table 1 ). In the second stage of the study, cultures were incubated at rotation speeds and temperatures given in the CCD matrix (Table 2) . Cultures were incubated for 72 h. Samples were collected after 48 and 72 h and centrifuged at 6,000xg for 15 min. The levels of arabinose and arabitol within the supernatants, after filtration with 0.2 µm filters, were investigated.
Verification of the optimal media composition
100 ml of the optimal medium identified was prepared in a 500-ml 
Analytical methods
L-arabinose and arabitol concentrations in supernatants were determined by an HPLC (Gilson Inc., Middleton, WI, USA) equipped with a refractor index detector (Knauer GmbH, Berlin, Germany). A Bio-Rad Aminex Carbohydrate HPX 42C (300´7.8 mm) column (BioRad Laboratories Inc., Hercules, CA, USA) was used for separation at 85°C. Deionized water was used for elution at a flow rate of 0.5 ml/min. Chromax 2007 software version 1.0a was used for the integration and analysis of the chromatograms.
Experimental designs
The Plackett-Burman design was applied to limit the number of factors selected media components and culture conditions. It provides an efficient way of identifying the most important variable among a large number of different variables [17, 18] . In this experiment, a Plackett-Burman design matrix was constructed for 7 variables influencing arabitol production (Table 1) . After the number of factors had been limited to the three that most strongly affecting the response (rotation speed, temperature, and L-arabinose concentration), a central composite design (CCD) based on these three independent variables (Table 2 ) was used to estimate response surfaces, following the general quadratic model equation:
, where Y is the response variable, b0 is the interception, bi is the linear effect, bii is the quadratic effect, and bij are interaction effect coefficients. Xi and X j are coded values of the factors selected as a result of the initial screening. The significance of the resulting model was checked by an F-test, and goodness of fit was tested by determining the coefficient R 2 . The relationships between experimental and predicted values were shown on response surface plots. All design matrices were generated and analyses were performed using Statistica software (version 8.0; StatSoft, Inc., www.statsoft.com).
Results
Plackett-Burman design
Results of the experiments performed on the basis of the Plackett-Burman design are presented in Table 1 . The highest concentration of arabitol (24.1 g/l), with an arabitol yield of 0.54 g/g, was obtained from 50.0 g/l of arabinose in experiment 8, in which all the variables were at their highest levels. Estimated values for the effect of each of the independent factors are shown in Figure 1 . Rotation speed, followed by incubation temperature and L-arabinose concentration had the strongest impact on the level of arabitol concentration. The remaining factors (extracts and mineral salts) had less influence on this biotransformation, but all variables studied had a positive influence on arabitol production. The three factors with the largest effect were chosen for further study (Figure 1 ).
Central composite design
Full-factorial CCD consisted of five levels: the low and high levels (-1 and +1), central points (0) and star points with =±1.68, giving twenty combinations of cultivation parameters as shown in Table 2 . The analyzed response was the concentration of arabitol in culture media, however the yield of the process, presented as grams of arabitol obtained from 1 g of sugar consumed, was also calculated. On the basis of the CCD analysis regression coefficients were calculated ( Table 3 ). Since none of the factor interactions were significant, the model was simplified.
The calculated R 2 value of 0.8323 suggests that this model is well fitted to the experimental data. The response surface plots are shown in Figures 2-4 . These plots clearly demonstrate that arabitol concentration was affected by all of the investigated factors and that the selected range covered the optimum condition for each factor. Optimum conversion of L-arabinose to arabitol by C. parapsilosis DSM 70125 as defined on the basis of RSM occurs using: a rotation speed 150 rpm, a temperature 28°C, and a concentration of L-arabinose 32.5 g/l. In such conditions, the predicted concentration of arabitol after two days of incubation using the mathematical model is 14.3 g/l.
Verification of the model
The verification experiments using cultures prepared according to the RSM results (the remaining medium components at a concentration of 5 g/l) verified the usefulness of the statistical model. After 2 days of incubation, 15.45 g/l of arabitol was obtained. The yield of this process was 0.475 g/g of arabinose consumed. The result of the experiment was about 8% higher than predicted, which confirms the validity of the model.
Discussion
Previous observations made by different researchers have shown that environmental factors have a large impact on L-arabinose biotransformation to arabitol. Saha and Bothast [4] determined, using a traditional optimization method, that temperature and initial pH influenced arabitol production from L-arabinose by C. entomaea NRRL Y-7785 and P. guilliermondii NRRL Y-2075. In their experiments, the highest yield of this polyol (0.70 g/g) was obtained from 50.0 g/l of L-arabinose at 34ºC and pH 5.0 and 4.0, respectively. Fonseca et al. [8] observed that oxygen-limited conditions favored arabitol production from arabinose by P. guillermondii PYCC 3012 and C. arabinofermentans PYCC 5603 T . The work presented in this paper investigates, seven of the factors examined in previous reports and screening studies [6] . They were initially evaluated by Plackett-Burman design ( Table 1 ) to identify that had the most impact on the process. As may be predicted, the most important factor influencing arabitol production was rotation speed, which is responsible for oxygen availability in the medium. The second most important factor was temperature, which affects cell growth and enzymatic activity. The third most important factor was the initial concentration of L-arabinose, which is the substrate for the process. These variables were selected for statistical optimization on the basis of a CCD design in the second part of the experiment. This method is very useful for the optimization of biotechnological processes. There is very little existing information about the use of the statistical methods of RSM for the optimization of arabitol production from arabinose. The first report concerning the use of RSM in this process is the article of Kordowska-Wiater et al. [9] , in which it was observed that the investigated microorganism, a karyoductant of Saccharomyces cerevisiae V 30 and P. stipitis CCY 39501, was able to produce arabitol to a concentration of 16.8 g/l from 32.5 g/l of L-arabinose in the same optimal conditions as those presented here. This confirms the impact of rotation speed and temperature on arabitol production by different yeasts. Zhu et al. [10] reported optimization of D-arabitol production from D-glucose by a newly isolated yeast Kodamaea ohmeri using RSM. They selected glucose, yeast extract, and (NH 4 ) 2 SO 4 as independent variables There are a few publications reporting the application of RSM in the production of xylitol, a polyol chemically and functionally similar to arabitol, from D-xylose, a pentose sugar component of the hemicellulosic fraction of plant biomass, which is similar to L-arabinose. Sampaio et al. [15] ran a 3 3 full factorial design using the initial concentration of xylose, rotation speed and the starting biomass concentration of D. hansenii as independent variables, and determined maximum xylitol concentration, yield, productivity, and specific productivity as response variables. They showed that an increase in xylose concentration in the range of 55-165 g/l and a rotation speed in the range of 100-200 rpm resulted in a rise in xylitol concentration [15] . In another study, Vasquez et al. [2] used RSM to optimize xylitol production from D-xylose by C. guilliermondii. They studied the influence of the oxygen transfer coefficient and initial cell mass on xylitol yield and productivity. The values of those parameters at the optimal point were a cell mass of 9.86 g and an oxygen transfer coefficient of 32.85/h, for which the predicted productivity and product yield were 1.4±0.09 g/h and 0.7±0.02 g/g, respectively, with a confidence level of 95% [2] . Our results confirm the impact of culture aeration, which can limit oxygenation processes in cells and biomass growth, and sugar concentration on arabitol production. Different authors develop statistical models for different response variables from the same process, e.g., product concentration (as in this report), product yield, productivity and so on. This hinders comparison of results between studies.
Conclusions
In summary, C. parapsilosis DSM 70125 was able to produce different concentrations (0.43-17.88 g/l) and different yields (0.02-0.55 g/g) of arabitol depending upon the conditions of the batch culture and the amount of pentose consumed. Application of RSM for optimization of L-arabinose biotransformation to arabitol confirmed the influence of rotation speed, L-arabinose concentration, and incubation temperature on this process. According to the model, the concentration of arabitol after two days of yeast incubation should be 14.3 g/l using a rotation speed 150 rpm, a temperature 28°C, and a concentration of L-arabinose at 32.5 g/l. The verification experiment validated the statistical model.
